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ABSTRACT

A sample of approximately 385 hearing-impaired
elementary and secondary school students whose mathematical
achievement ranged from second to sixth grades were examined to
determine the effectiveness of a computer assisted elementary
mathematics program on the acquisition of computational skills. The
students selected were from a population of over 2000 students in 15
schools for the deaf in four states and the District of Columbia. The
curriculum provided for imdividualized instruction, acceleration in
areas of proficiency, drill in areas of deficiency, and daily reports
in profile form on student progress. The curriculum was composed of
the following 14 sequential mathematical strands: number concepts,
horizontal addition, horizontal subtraction, vertical addition,
vertical subtraction, equations, measurement, horizontal
multiplication, laws of arithmetic, vertical multiplicationm,
division, fractions, decimals, and negative numbers. Five groups of
77 students each were assigned 10, 30, 70, 100, and 130 sessions on
the computer. Major results of pretest and posttest data indicated
that the computer assisted curriculum enabled hearing-impaired
students-to achieve gains expected of normally hearing students, that
greater numbers of sessions on the computer were beneficial for all
students, and that :the gains could be achieved in short sessions of 6.
to 10 minutes per day. (MC)
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EVALUATIdN OF COMPUTER—ASSISTED-INSTRUCTION IN ELEMENTARY MATHEMATICS

FOR HEARING-IMPAIRED STUDENTS*

P. Suppes, J, D. Fletcher, M. Zanotti)

© P, V., Lorton, Jr., and B. W, Searle -

INTRODUCTT.ON

The Institute for Mathemaﬁical Studies in the Social.Sciences at
Stanford UniVérsity (IMSSS) has been éefeloping cufricu;ﬁms and tech-
nigues for computer{assistéd-ihstruétién (CAI)_sinCE'l965;_ In 1970
the Office of Education funded‘%he Iﬁstituté for CAI research in schoqlé
for the deaf., During the 1970-71 school yéar'apﬁroximateiy l,OOO'stu_
dents in schools for the deaf participaﬁed\in the prdject, and during"
1971-72 this number increased to more th;n 2,000 studenfs'taking CAI
lessong at 15 scﬁgbis for the_deaf‘loéated in four stétes and the’
Digtrict of Columbia,

- The sﬁudénts who participated ip the experiment reported in this
artiéle.were chosen frOm émong the entife population of deaf students:

. receiving CAT lessons in mathematics‘énd language artsvthTOugh the
‘IMSSS systeﬁ in 1971-72. Thé.degree of hearing loss among the sgﬁdgnts
Wéé esséntially”that adopted for admission étandards'b& the ééhoois,
Generéll&, thiskloss~is‘at’leas§.60'decibelg in the better ear,. Stu—

v i :

dents sélected-by the schools for CAI represent a cross s=ction- of
: \

¥This research was supported by Office of Education Grant
OEG-0-T70-4797(607), OE Project No. 14-2280.
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~ their elementary and secondary schqol pbpqlation. Some of these students
may be significantly haﬁdicapped in ways other than that of hearing loss,
but these additional handicaps do ndt prohibit the students from meeting
primery _sc'hoo_l advancement requiremen‘cs/

This exﬁeriment evaluatgd the effectiveness of théECAI'mathematics
program .on the-acquisition of computational skills; We first descrive
.ﬁhe models of evaluation tested, and then the curriculum, before turning
to the analysis of déta. In the médelswtésted, we have emphasized
variation;iﬁuintensity 6f éxpérimental treatment, as opposed to simply

comparing ekﬁefimehtal with control,groupsﬂ '

THE MODELS

‘To investigate the relationship of posttreatment scores to pre-
treatment scores and the number of CAI mathematics strands sessions

given, fivg models were tested. In ail five models, T, is the pré-

il

iﬁreatment score of student i, TiQ is the posttredtment score of
student 1, énd, Ni' is the number of CAI mathematics strands sessions

taken by student 1. Following standard notation, B(T is the

ié?

exbected;posttreatment score of student 1.
Model I: Linear.
_ E(Tiz) =ay+ al'I‘il f'agNi..
_ In this model, the'expected effect of pretreatment score and number of

sessions on posttreatment performance is assumed to e linear.

Model II: Linear with'iﬁféra¢ti6n§

E(Tig) =ay + a T, f‘agNi +‘a5TﬁlNi .




Tn Model II, a linear effect of pretreatment score and number of ses-
sions is assumed, but a linesr effect from the interaction of pretrect-

ment score and sessions is also postnlated.

Model IIT: Cobb-Douglas.

E{fn T,

- b p
12) a a. In T,. + a, én I\Ii

0 1 il 2
Model III is based on a formulation .of the Cobb-Douglas type (from
econometrics), namely,

e.l a
T =a T N .

i2 0741 i
This model is mﬁltiplicative and assumes a ‘weighted interaction' between

pretreatment score and number of sessions in accounting for change in

posttreatmert scores.

Model IV: Log quadratic.

nkis — 4 2 5
L(Iig)._ ay + alTil + a, In N, aB(ﬁn Ni) + ah(ﬁn Ni) .

In Model IV the effect of the pretreatment score is assumed to be llnear;
but the effect of number of sessions is assumed to be logarlthmlc, rather
than linear. 1In order to explore thig logarithmic assumption fully, we

included second- and third-order terms in /n Ni"

Model V: Exponential,

i ( = a- m N
(4n Tip) = ag + a N1y,

Model V is based on an exponential formulation, namely,

o - a'ealNiTil '
32 = %o .

In this model, the effect of number of sessions and pretreatment score

may be strictly increasing or strictly decreasing, depending on the




sien of aq . Pretreatment score and mumher of sessions are assuned
Lo interact.

n each of thesge models we treat pretreatment and posttreatment .
scores sepavately, i.e., we do not, for instance, regress the differ-
ence in the two scores on the number of CAI sessions. Even though
reasons for avoiding difference scores have been discussed from several
standpoints in the literature of e&aluation (e.g,, Cronbach & -Furby,
1970; Lord, 1963), we give here a.direct but elementary analysis from
first principles. $So far as we know, this argument has not.appgared

in this form in the literature.

Let X, Y, and N be random variables with E(X) = E(Y) = E(N) =.

0,

and with finite, nonzero variance. The pairwise correlation coefficients.

- of these random variables are then well defined. Consider now the cor-

relation

E((Y - X)N)

r(Y - X,N) = (Y - X)o(N) °

From the linearity of the expectation operator,

E((Y - X)N) = E{YN) - E{(xN) .
Further, since by hypothesis E(X) = E(Y) = O,
02(Y - X) = E((Y - X)E) =-E(X2) + E(YE) - 2E(XY)

E(XE).+ E(Yg)'- 2r (X, ¥)o(X)o(Y)
2
(

i

02(X>-+ o)

Y) - 2r{X,Y)olX)o(Y) .
Substituting (2) and (3) into equation (1) we obtain:

E(YN) - E(XNZ
G(N){GE(X) + cg(y)‘- 20({X)o(¥)r(X%,¥))

I‘(Y - X,I\I) = 1/2 .

(3)



Let us now assume that the correlation of X and N is vero, i.e.,

and also that ¥ and Y are highly correlated, but U(X,Y) < 1, and

that approximately
o(X) =~ r(X,¥)a(¥} , {1

then, on the basis of (I) and (11)

N E(YN]
r{Y - X,8) ~ (1) 7

c(W) {6°(¥) - o (1)ro(x, 1)}

Therefore,

(Y - x,u) ~ —ZN) | ()

1 - r2(X,Y)

Equation (%) showe that with appropriate choicé of a random variable
X, r(X,Y) large, and X orthogonal to N, we can obtain a correlation
coefficient, r(Y - X,N), as close %o 1 as we please so long as r(Y,N)
ig not zero. The correlation of N with thg 'Y - X difference score
may depend solely on the correlacvion of Y with X and may have nothing
to do wifh_the effect of N, For tﬁat matter,

21,0 + r(X,Y) = 1

implies that |

r(Y - X,N) =1 .



N Y Y' =Y -Y' =Y - X

Yl

Assumption (II), o(X)= r(X,Y)c(Y), is the requirement that the norm
of the projection Y' of Y on X approximately equals the norm of
Assumptions (I) and (II) hold approximately for many experimenﬁs
using Y as the posttrgatment measure, X as the pretreatment meg-
sure, and N as some measure of the amount or intensity of tfeafmgnt,
From these and other results in thé literature about difference
scores, it is clear that studies of evaluation that use models built
around difference scores must be approzached with.considerable caution,
We numerically illustrate later in the analysis of data pertineﬁt to
the five models these remarké about difference scores, even though for

practical purposes we include some general remarks about gains in the

analysis of data.
EV4

X,
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THE MATHEMATICS STRANDS. CURRICULUM

-
(@]
o+

The research reported here atiemuts Lo assess the pedagogical efr

of the Institute's elementary nathematics currisulum on achisvemeit amons

_the hearing-impaired students., CAI in elementery mathematics provided by

the Institute has had a hjstory of success wjfh‘hearing_students (Suppes &
Morningstar, 1969, i970a), and comparable success was anticivated for stu--
dents in schools for the Jeaf.

The objectives of the-stfands prograﬁ aré {a} to provide supple-
mentary ihdividua;izea instruqtion in‘elementary mathematics at a level
of difficulty appropriate to each student's level of achievement, (b) to
allow acceleration in any conqept area in vhich a studéﬁt damonstrates

proficiency, and to allow repeated driil and practice in areas of de-

_ficiency, and (c¢) to report a dally profile of 2ach student's progress

through the curriculum,
A strand ig a series of exercises of the same logical type (¢.z,,

horizontal addition, vertical subtraction, multipliication of fractionz)

arranged sequentially in equivalsnce clas according to their reladiive
difficulty. The 14 strands in the program and the grade levels spanned
by each strand are shown in Table 1. Each strand contains either five

or ten eguivalence classes per hslf year, with each class labeled in
terms of a grade-placement (GP) equivalent. The GP of equivalence
classes was determined by analysis of three major elementary-school

mathematics texts (Clark, Beaity; Payne, & Spooner, 1966; Eicholz &.
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TARLE 1 ~
Grade Tevel Spanned by Eacli Strend in

- the Tlementary Mathemztics Program

3

Strand . '~ Content © ' | Grdde level

. NUM | DNumber concepte . | - 1,0-7.9 .
HAD Horizontal addition ' '-_ 1.0-3.9 - .
HSU "' ‘Horizontal subtraction © o 1.0-3,k 1
VAD Vertical addition | o509
vsU Vertical subtraction | 159 e
QN Equations - | S asirg
MEA ‘Measurement ' .1l.§—7;9  J
il Horizontal muliiplication |  2.5-5.4
LAW Taws of ar¥thmetic - U 3.0-7.9
VMU Vertical multiplfmstion | - 35-7.9
DIV . | Division -  3,5-7.9- 1
FRA | Fractions ' 3.5-7.9 -
DEC Decimals - . | 4.0-7.9
NEG Negative numbers I 6.0:Ti9




O'Daffer, 1968; Suppes, 1966). Data collected during several years of
the earlier drill-and-practice mathematics program at Stanford were
used to arrange the equivalence classes in an increasing order of
difficulty and to insure that new skills (e.g., regrouping in sub-
traction) were introduced at_the appropriate point.

In addition to ordering the equivalence classes within a strand,
it was necessary to determine how much emphasis to give each strand at
a giveh grade level. To determine this emphasis, we divided the curric-
ulum into 14 parts, each corresponding to a half year. A probability
distribution was defined for the proportion of problems on each strand
for each half year: .Both the problem count from the three textbook
series mentioned above and.the average latency for problem types based
on past data were used to define the curriculum distribution. The final
proportions in terms of time and problems_for each half year for each

strand are shown in Table 2.

The analysis Eonﬁained in Table 2, which embodies not only empirical
analysis, but also some normative decisions about relative emphasis in
curriculuﬁ, is one of thelfew explicit quantitativé analyses of curriculum
distribution in elementary;school mathematics to be found anywhere in the
mathematics education literature. |

A student's progress through the strands structure is purely a
function of his own performance and is independent of the ﬁerformance
of other students; in,facﬁ, his progress 6n a given strand is indgpendent

of his own performance on other strands. A scheme defining movement

9




TABIE 2

Proportion of Time and Proportion of Problems for Fach Strand Tor Rach Half' Year

Strand _ Half year .
1.0 1.5 2.0 2.5 3.0 3.5 L.0 k4.5 5.0 5,5 6.0 6.5 7.0 7.5
NUM PT | 50 24 24 17 10 5 7 7 8 11 14 10 15 15
PP |36 P8 16 12 10 L 8 8 10 1+ 20 10 19 19
HAD PT | 26 21 20 9 1 g
PP | 32 28 26 10 14 8
HSU PT | 14 10 16 9 L4
PP | 18 1% 16 10 b
VAD PT |10 10 9, 19 19 7 8 2 3 1
PP | 14 12 12 22 20 6 10 2 b 2
VSU PT 9 8 15 22 10 13 3 3 1
PP 12 12 18 20 8 10 2 b 2
EQN PT 17 12 16 17 14 17 7 5 7 7 8 15 15
PP 10 10 12 16 12 20 - 8 8 12 12 10 19 19
MEA PT 9 10 '8 8 11 7 7 5 5 5 5 5 5
PP 6 8 6 6 6 8 8 8 8 8 6 6 6
HMU PT | 7 3 8 5 3 2
PP 10 6 1+ 10 6 8
LAW PT 3 5 5 3 3 3 1 1 8 8
PP ‘ 4 6 6 4 6 6 2 2 10 10
VMU PT . 0 5 1 6 8 7 5 8 8
PP ' 14 6 16 8 L in 2 L L4
DIV PT i5 22 3 48 33 Lo 1% 1Lk 1k
PP ) 18 10 16 @ 16 6 8 2 3 3
FRA PT 6 L 15 13 20 17 18 10 10
PP ' 4 L 24 22 32 %2 26 10 10
| DEC PT : : 7 5 L o1 7 36 10 ‘1o
PP _ 8_ 6 6 1 10 38 10 10
NEG PT 2 L 15 15
PP ' o b L 19 19

Note.~-PT = proportion of time; PP = proportion of problems.

ERIC | 10




through a strand uses the pattern of-correct ané incorrect responses to
insure a rate of movement -that reflects performance, The movement scheme
will be described in deteil elsevhere (Suppes, Searle, & Lprton, in prep-
aration). The overall determination is based on a model that aésumes
independence of responses for problems of a given equivalencé class and
is defined so that a student with average performance gains one year's

GP in one school year of CAI time, which ranges f?om 6 to 10 minutes per
school day. A detailed descriﬁtion of the strahds curriculum is given

by Suppes, Goldberg, Kanz, Searle, and Stauffer (1971).

DESIGN OF THE EXPERIMENT

Equipment

The central computer processor was the Institute'’'s PDP-10 system
located on the Stanford campus. On-line, real-time communication was
maintained with the participating schools located in California, Florida,
Oklahoma, Texas, and the District of Columbia by means of dedicated
telephone lines. - |

The student terminals were KSR Model-33 tqletypewriteréf The tele-~
typewriters communicate information to and from the ceﬁtral computer
systeﬁ at a rate of about 10 characters per second. Alliof the ele-
mentary maﬁhematics e*ercises were typed at the terminal under computer
control,.and keyboard fespoﬁses were given by the students. The detailé
of exercise format and student responses are described in Suppes, Jerman,

and Brian (1967) and Suppes and Morningstar (1972).

11




Students and Number of Sessions

The students participating in this experiment include@ the entire
population reeeiVing the elementary mathemetics and language arts
curriculum whose current, average GP on the mathematics strands cﬁr—
riculum was equal to or greater than 2.4 and equal to or less thah 5.9,
and who had taken at leéét 15 mathematics CAI sessions.

I'ive levels of intensity for number of CAI sessions were selected.
Treatment groups 1, 2, 3, 4, and 5 were assigned 10, 30, 70; 100, and
130 sessiéns, respectively, and 77 students were randomly assigned to
each group.

Session limits Wére imposed on a calendar basis so that students
with low numbers of sessions received them distributed thrdughout the
experimental period. A participatiﬁg student had no control over the
typelof lesson, mathematices strands of language arts, he received.
Whether he signed on for strands or language arts he was éiven a
mathematics lesson if he was gligibie for one. Otherwise, he
received a language arts leszon. |

. Eligibility for a mathematics session was decided according to
the following algorithm.
Tsi -

Ir ~ms, <[p, ( ™, ) +'2:{ and TS, <D, ,
then student 1 received a mathematics session; otherwise, he received
a language arts session. In the algorithm,

NSi = number of sessions taken during the experimental period

by student i,

12
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TS~ = total number of sessions student 1 ﬁés to receive during
the experimental period,‘

TDi = pumber of calendar days in the sxpefimental period for .
student i, -

D, = nﬁmber of céiendar Gays elapsed for student i in.the
experimental period,

and the brackets denéte the next gfeatest integer. For example, suppose

a student was in a 70-sessions group (TSi = 70)4 and the experimental

period was 150 days (TDi = 150), If on the 21st day he was in the

experiment (Di = 21) he had taken ll4sessions -(NSi = 11),  then he

_would have received a mathematics session when ne signed on, since

11 =g, < [Di ( %;i )+ 2] - [21,( i%% ) + 2] =22 .
Some students signed on more than once a-day.in order to obtain the
agsigned number of seésions.‘

The actual number of mathematics sessions a student received was
mbnitored daily, The'assistancevgf teachers and proctors was éought to
help students achieve the number of sessions they were assigned.
Teachers were urged not to give compensatory off-line work to those
students assigned to low numbers of on-line sessions, and, in general,
not.to alter the clagsroom work of anyvstudent because of his partici-

pation in the experiment.

13
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THE MODIFIED STANFORD ACHIEVEMENT TEST

One ‘aim of the experiment was to develop = reliable and valid fest
of achievement that could be administered 'on line', i.e., by computer,
at student terminals. It was héped thaf administering the test on line
would standardize procedures for giving it, that the schoo}s would be
spared the difficulties of having yet another test to adﬁinister, and
that the clerical task of geltting test scores into the computer for
data analysis would be minimized., The Arithmetic Computation Section
of the Stanford Achievement Test (SAT) was used as a guide in developing
a modifiéd SAT (MSAT) that -could be administered on line at student

terminals.,

Description of the SAT

The Arithmetic Computation sections of three SAT batteries,
Primary II, Intermediate I, ahd Intermediate Ii, were used as models.
For all three levels, forms W and X were examined.

Computation problems on the Primary Il test are worked in the test
booklet., Ail questions on thg computation sections of the Intermediate
level tests (I and II) are multiple choice, and responses are entered
in the test booklet or on a staﬁdard answer sheet. The responses are
letters between a and J- Each question has four or five possible
responses; the letters a-d and a-g are used for one question; the
letters e-h or f-jJ are used for the next question.

‘Several properties of the tests are shown in Table 3. The table

contains, for each level, the nﬁmber of problems, the time allowed for

Ty Cpup e ——



TABLE 3

Characteristics of Computation Section of the JAT

Placement Placement
; 5 Number of Time on form W on form X
Test level .
problems {min.)

.25 .50 W75 ] .25 .50 .75
Primary II 60 30 2. 3.4 b4} 2,2 3.3 4.k
Intermediate I 39 35 3.5 4.6 5.8 3.5 4,7 6.0
Intermediate II 39 35 L4 6.1 8.5 46 6.2 8.7
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sdministration, and the normed GP corresponding to error rates of .79,

.50, and .25. These last figures are shown separately for forms W and X.

Congiruction of ths MSAT

lThree sets of parallel items were constructed for_each item in the
computation section of the SAT. The method used to construct items de-
pended on whether the £&pe of SAT "item being considered appeared in the
CAI methematics strands curriculum. |

Each SAT problem of a type that occurs in the CAI curriculum was
labeled with the eguivalence class nuﬁber into which it fitted. Both
- forms (W and X) were examined and labeled. If similar items for both
SAT forms fell in the same equivalénce class, thrge items from that
equivalence class were used; if not, a new class definition was con-
structed that included the attributes of both classes, and three
problems were written to fit this definition.

If a test problem was of a type that did not occur in the strands
curriculum, a new class definition was written that described the salient
features of the exemplars from both test forms. Then three items were
vritten using the definitionm.

A careful analysis was made of the answer choices presented in
Intermediate I and II. The distractors for each addition problem differ
from the correct answer in one digit that occurs in any but the left-most
position. The distractors for each subtraction problem differ from the
correct answer in one digit that occurs in any but the left-most posifion,

or the left-most digit is one less than that of the correct answer.

16



Two of the distractors for each multiplication problem in the SAT
differ from each other in one digit and are both one digit too shorﬂq
Other possible wrong answers differ from the correct answer in any but
the left-most digit. in the case of a two-digit multiplier, one w%ong
answer for the MSAT was constructed by using only one of the digits of
the4multip1ier o0 obtain a product. Distractors for decimal problems
using_dollar signs are the same as those for compérable integer prob-
lems. In other decimal problems in the SAT, the wrong answers differ
from the correct answer in the placement of the gecimal ﬁoint; specifi-
- cally, they are chosen from (CA)(lOK), K==%1, +2, vhere CA is
the correct answer.

Division problems in the SAT occur in three formats: A/B, B + A,
and 1/A of B. Some choices have a remainder and others do not,
regardless of the correct-answer remainder. Some remainders are larger
than the divisor. The same method was used to construct MSAT answer.

" choices for all three types of division problems. Distractors were
constructed by changing one of the digits of the quotient, and where
appropriate, choosing a random remainder.

One dilemma was encountered in constructing answers for division
problems. - Two problems on the X form of Intermediate I and one on the

W form have two technically correct answérs. The following item exem-

plifies these problems.
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A) h&
B) G, FEM 8
c) s2
D) 5, REM 8

E) NOT GIVEN

Although £ is the 'correct' answer, an argument can be made that B is
ulso correct. This answer choice was not used -in constructing wrong
answers for the MSAT. In both Intermediate 1 and Intermediate II there

are four problems for which the correct answer is "not given."

Administration of the MSAT

The MSAT was administered by randomly selecting one of the three
items written for each problem number . Thus, while approximately one-
third of the items on one MSAT administration would be repeated on a
second édministration, it w;s unlikely that any two students sitting
next to each other would receive the same test. A record was kept of
the items that comprised each student'’s test. ‘

The MSAT was administered as much like the SAT as possible., The
major exception concerns the possibility of students taking the paper
and pencil SAT to return to problems already completed or skippéd over.

‘Students‘may skip any problem on.the MSAT simply by typing the return
key on the teletype terminal. However, once a student answers or skips
an MSAT problem there is no way for him to return to it.

Tests were administered at the términal, preferably at one sitting.

IT a student did not complete the test in one sitting, he began where

18




he left off at his next sign on. The maximum time allowed to com@lete
the test was the time allotted for admivirtration of the computation
section of the SAT, plus one-half the time it takes %o type the test
at the terminal. |

Response modes or. the MSAT were as close as possibie to those on
the SAT, For multiple-choice items the student types a single letter,
For constructed responses the student types the numerical answer as he
woulq for an ordinary strands iéem with the strands ervor response sup-
pressed. The student may élter his response using the rubout key. When
he has completed his answer, he types the return key. If a student
working a mﬁltiple—choice problem types a number instead of a letter,
he is told to type a letter and given anothér chance. As soon as the
return key is typed the program moves to the next problem. There-is Lq'
time limit for inaividual problems. Many of the problems require pencil
and paper computati_on°

The procedures thalt differed from the usual mode of responding af
the teletype were explained to the student. A message at the.beginning
of each test mentions the following:

l. Use paper and pencil when necessary;

2. Answer multiple-choice questions with a lettér (for

 Intermed:i=te I and II);
3. Use the returr key after a response (for Intermediate I
and II);
“4, Use the return key to skip a problem;
5. Use the rubout key to erase;

6. Be aware of the time limit for the entire test.

19



These six points and the printed instructlons were explained and ampli-
fied by the CAT proctors before students took the MSAT. The instructions
printed for Primary II and for the two intermediate f'orms of the MSAT

are displayed in Figure 1. Az in the SAT, students were given a

nongraded sample problem before beginning the MSAT. Students were not
given any resglts at the end of 2 test session. A coded nuwnber contain-

ing the score was printed at the end of the session for use by teachers.

Choice of level of test. The level of the MSAT administered to

a student is made with reference to his average GP in the mathematics

strands curriculum. The choice algorithm is presénted in Table L,

The MSAT was administered in January, 1972, at the beginning of
the experimental period . and again in May immediately after the experi-
ment ended.

DATA AWALYSIS AND RESULTS

Analysis of Variance -

As mentioned earlier; treatment groups 1, 2, 3, 4, and 5 wefe'
assigned 10, 30, 70, 100, and 1%0 sessions, respectively, and 77
students were randomly assigned to each of the five treatment groups.
Complete data were obtained for 60 students in group 1, 62 students

in group 2, A0 students in group 3, 60 students in group 4, and
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Instouclione for HM0AL Preimcey I1:

VODIFIED 8. A, T, STRAND

THIS I[85 A CPECIAL TEST., YOU HAVE 33 MINUTEC TO WORKK
ON IT., YOU MAY USE PENCIL AND PAPER.

TYPE THE RETURN KEY TO GET THIE NEXT PROBLEM.

HERE IS A SAMPLE PROBLEM.

Instructions for MSAT Intermediate E'and Intermediate El:

MODIFIED S, A, T. STRAND

THIS IS A SPECIAL TEST. YOU HAVE 38 MINUTES TO WORK
ON IT. USE PENCIL AND PAPER TO WORK THE PROBLEMS.

ALL GUESTIONS ARE MULTIPLE CHOICE. ‘TYPE A LETTER AND
THEN THE RETURN KEY, USE THE RUBOUT KEY TO ERASE. USE
THE RETUEN KEY TO SKIP A PROBLEM.

HERE IS A SAMPLE PROBLEM.
b+ 9 =

12
2

13

49

NOT GIVEN

Ho QW e

1 Q) e

Fig. 1. Instructionslprinted for the Primary II and for the

Intermediate forms of the MSAT.
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TABLE L4

Algorithm for Choosing an MSAT Test Level

. . Range of average GP on

Test lLevel date of administration
Primary II 2.0 - 3.5
Intermediate I 3,6 - 4.8
Intermediate II 4,9 - 6.5
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70 gtudents in group 5. This information 1s summarized in Table %,

which also gives the means and standard deviations for number of

segsions actually‘taken within each of the five treatment groups.
The mmber of sessions taken Fell weil short of the number assigned
in groups 3, U4, and 5, primarily because of difficulties in scheduling
extra CAL sessions in the schools. However, the groups remained suf-
ficiently distinct to warrant proceeding with analysis of varisnce.

Anslyses of Variance were performed taking MSAT scores and |
average GP of'the mathematics strands as dependenﬁ measures, 1In
order to make comparisons across all three MSAT battery scores, we
used SAT scales to convert MSAT raw scores to GP scores. Analyses
of.variance were performed on pretreatment measures as well as post-
treatment measures to check for any bias in the assignment of stu-
dents to treatment groups.

The pretreatment analyses of variance for the strands average GP

and MSAT scores are preéented in Tables 6 and 7. Both F ratios are

small. In‘addition, the correlztion between pretreatment, strands
average GP and the‘number of sessions taken was ,0l3, and the cor-
relation between MSAT pretest GP and number bf sessions taken was
-.022. It is reasonable to conclude that random assignmeht of stu-

dents to treatment groups was essentizlly achieved.
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TABLE 6
Analysis of Variance for Pretreatment, Mathematics Strands

Average GP for the Five Treatment Groups

Treatment group

1 2 3 b 5
Sample size 60 62 60 60 ' 70
Mean _ ’ 4,18 3,88 3.96 3,94 h,12
Standard deviation .87 87 . 7T .84 .91

Analysis of variance

Sum of squares af Mean square F ratio
Between groups ! §,1113% b 1.0278 1.408*
Within groups 224.1574 307 . 7302
Total 228.2687 311

*Nonsignificant
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TABLE 7
Analysis of Variance for Pretreatment, MSAT GP Scores

for the I'ive Treatment Groups

Treatment group

1 2 3 b 5
Sample size 60 62 6C 60 70
Mean 4.79 4.23 hohl L.61l 4,52
Standard deviation 1.50 1.31 1.21 1.72 1.64

Analysis of wvariance

Sum of squares af Mean square F ratio
Between groups 10.5828 b 2.6457 1.185*
Within groups 685. 644k 307 2.233h
Total _ 696.2272° 311

*Nonsignificant
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The posttreatment enalyses of variance for the strands average GP

and MSAT scores are'presented in Tables & and 9. The T ratio for the

Insert Tables & and 9 about here

strands GP scores is significant (p < .01, af = 4/307), and we note

that the average GP improvement for the 10-zessions group 1 is only .15
compared with .96 for grouﬁ 5. Tnhe F ratio for the MSAT scores is non-
significant, -but the average GP improvement for the 10-sessions group 1

is .42 compared with ,76 for group 5.

Test of the Five Models

Parameters for the f;ve models were generated twice, once using
mathematice strands average GP as pretreatment and posttreatment achieve-
ment measures and once using MSAT GP scores., Models and parameters using
strands averagé GP as the achievement measures are preéented in Tat). 10.

The linear model with interaction, Model II, accounts for more of the
variance in the dependent variable (postireatment average GP) than does
any of the other models,-but despite the inclusion of a term.for the
interaction of number of sessions with pretreatment GP, it represents

on}y a slight improvement over Mgdel I, the simple linear model. Assuming
Ni = 120 or slightly less than one session per day for a school year and
taking a, = 0123 from Model I, we can project TiQ - Til‘z 1.48. That

is to say, if a student from this population takes about one strands ses-

sion per day for an entirs school year, we can expect his strands average .
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TABLE 8

Analysis of Variance for Posttreatment, Mathematics Strands

Average GP for the Five Treatment Groups

Treatment group

1 2 3 L 5
Sample size 60 62" 60 69 70
Mean 4,33 4,32 4,60 4.85 5.08
Standard deviation .89 84 .76 .l .96
Analysis of variance
Sum of squares ar Mean square F ratio
Between groups 28.3792 Iy 7.0948 9.088*
Within groups 239.6608 307 . 7807
Total 268.0400 311
*8ignificant, p < ,0l.
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TABLE 9
Analysis of Verience for Posttrestment, MSAT GP Scores
Tor the Five Treatment Groups

Treatment group

1 2 3 L 5
Sample size 60 62 60 60 70
Mean ' 5,21 4.82 4.8 5,29 | 5.28
Standard deviation | 1.50 1.%6 1.39 1.71 144

Analysis of variance

Sum of squares af Mean square F ratio
Between groups 12.9009 4 3,2252 L. 46h*
Within groups ’ 676. 4771 307 2.20%5
Total 689. 3780 311

*Nonsignificant
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TABRIE 10
Parameters Generated for the Five Models Using Mathematics Strands

Average GP as Pretreatment and Posttrestment Measures

Model I: KE(T.,) =a  + aT. 5 +al.

.012.

i

Parameters: ay = .305, al = .930, a2

Multiple correlation = .954.

Model II: E(Tiz) = a  + alTil + aENi + a3lilNi'
Parameters: aj = .027, A, = .998, a, = .018, ag = - .001.

Multiple correlation = .955.

Model III: E(4n Tiz) =a,+a InT. +a, inN.
Parameters: aj = .0Lk, a, = .817, a, = .010.

Mﬁltiple correlation = .941.

Model IV: E(T..) =a. + a +a_ &n N, + a_(4n N,)a + a (£n N.)B.
—_— i2 i i i

0 lTil 2 3

Parameters: a = .698, a, = .928, 8, = .036, ag = = . 126.

L

Multiple correlation = .G953.
Model V: E(4n TiE) = aj +aNT,

Parameters: ay = .363, a, = .0001.

Multiple correlation = .632.

1°

Note.--Til = pretreatment strands GP for student i,
T12 = posttreatment strands GP for student i,
N, = number of sessions taken by student i.



GP to increase by about a year and & half. .Data presented later show
that strands average GP underestimated both GP measured by paper and pencil
sdministrations of the SAT and GP measured by the MSAT. This improvement
of 1.48 can be compared with an expected GP increase over a school year
of ;5 to .4 in the SAT computation subtest for hearing-impaired students
receiving ordinary instruction (Gentile & DiFrancesca, 1969).

Models und parameters using MSAT GP as pretreatment and posttreatment

measures are presented in Table 11. The multiplicative model from econometrics

that assumes weighted interaction of number of sessions with pretreatment
GP, Model III, accounts for more of the variance in the posttreatment
measure than does any of the other models, but, as with the strands
average GP; it represents only a slight improvement over Model I, the
simple linear model. Again, assuming N, =120 and taking a, = .0084

from Model I, we can project Ti - Til = 1.01. That is to say, if a

2
student from this population takes about one strands session per day for
a school year of 120 net days, we can expect his MSAT GP to increase by
sbout one year. Roughly, we can expect an increase of .1 in MSAT GP for
every 12 sessions taken.

Overall, the models using MSAT GP as the achievement measure account
for about 25 percent less variance in the posttreatment results than do

those using strands GP as the achievement measure. In the case of Model I,

this decrease might be due to less contribution from the pretreatment

scores in accounting for posttreatment scores,; less contribution from

number of sessions, or both. A comparison of the a; parameter for

31




TABLE 11
Parameters CGenerated for the Five Models Using MZAT CGP Saores

as Pretreatment and Posttreatment Meeswzres

Model I: E(Ti2) = a  + a T, + al.

. = . = . .'..- . 1),
Parameters: 2y 1.116, a, 793, a, 00d

Multiple correlation = ,811.

Model IT: E(Ti2) =8y + a 1., + a N+ a3qilNi’
Parameters: gy = . 939, 4, = 831, a, = .01%, &, = - .00Ll.%
& 3

Multiple correlation =- .812.

*The F ratio for deletion of a, is nonsignificant (p < .005).

. — 1 < 7
Model III: E(£n Ti2) =a,+a; Ln Tiq*toay dn N
Parameters: a, = .101, a, = .711, a, = . 006.

Multiple correlation = .818.

. 2 . 3
. = 4 2 -+ \( JER .
Model IV. E(Ti2) a, +a T +a, InN a3,zn N7 ab(ﬂn Ni)
Parameters: a, = 2.405, a, = L7854, a, = .000, ag = - -330, &, = .069.

Multiple correlation = .816.
Model V: E(4n TiE) = aj+aNT. .

Parameters: a, = 370, 8y = .0001.

Multiple correlation = 477.

Note.--=Ti pretreatment MSAT GP for student. i,

1
Ti2

Ny

posttreatment MSAT GP for student i,

it

mmber of sessions tsken by student i.
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Model I, using strands GP (a,‘a .930), with Model I, using MSAT GP

(al =.,793), and a comparison of the a, parameter for Medel I, using

strands GP (ap = ,0123), wiﬁh Model I, ugsing MSAT GP (a,2 = ,0084),
imply that the pretreatment measure and the number of sessions both
contribute less when Model I uses MSAT GP as the achievement measure
than it does using strands average GP, a result that is not at all
surprising.

Because of the interest in the contribution of number of.sessions
taken to the GP gain measured by the MSAT, we computed the 95 percent
confidence level for coefficient 32 for Model I (Table 11)., The

result is a, = 0084 + .0032., Consequently, the change in GP with

2
120 sessions should be hetween .624 and 1.392, admittedly a large interval.
Assuming that the effect of 120 sessions is somewhat sublinear, we should

conservatively expect an increase in GP of about .5 that would be due to

~ the 120 strands CAI sessions, This conservatively estimated GP gain is

still superior to the results for ordinary instruction of hearing-impaired
students already cited. As is evident from Table 10, a larger gain in GP

measured by the strands curriculum itself would be anticipated.

Comparison of SAT, MSAT, and Strands GP

In order to generalize the MSAT results, comparisons of the achieve-
ment measureé used in this study with each other and with gtandardized
tests are needed. Because neither the MSAT nor GP measured by the strands
curriculum is a common measure, it'Was decided_to estimate the concurrent
validity of the MSAT GP and strands average:GP by ‘comparing them with each'

other and with paper and pencil administrations of the SAT.
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Sixty students were drawn at random from émong pérticipating stu-
dents in three of the residential schools, Se}ection of the students
was stratified'so that b were chosen for each of the 15 cells arising
from the three MSAf forms (Primary IL Intermediaté I, Intermediate I1)
and five treatment groups. Two of the 4 students were chosen at random
and assigned to group I: the remaining 2 were asssigned to group II. There
were then 30 studenté'(Q from each form-by-trgatment cell times 15 cells)
assigned to group I and 30 assigned to group II. GCroup I received paper
and pencil administration of the SAT Arithmetic Computation Subtest
(SAT—COMP), form W, before receiving the prétreatment MSAT, and éroup 1T
receivedvthe SAT-COMP after receiving the pretreatment MSAT., The roles
of groups I and IT were reversed for the posttrestment measure. Group II
received the SAT-COMP before the posttreatment MSAT, and group I receivéd
the SAT—COMP after the posttreatment MS T, Pretreatment and posttreatment
strands GP scores were also.recorded.

Complete data were 5btained for Ll of thesé studénts,l Thé loss of
16 was solely due to such randem factors as student illness,.change of
schools, and administrative errors. ~Means and standard deviations ob-
tained by the 44 students for pretreatment and posttreatment SAT GP,

MSAT GP; and strands GP are digplayed in Table 12, "It should be noted

Ingert Table 12 about here

from Table 12 that the SAT consistently gave the highest estimate of GP
for this group of students, the MSAT congistently gave the second highest

GP estimate, and the strands GP consistently gave the lowest GP estimate.
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Evidently, both the M3AT and the strands average CP measures underestimated
OGP measured by paper and pencil administration ol the SAT.

A matrix of simple correlations for the OF scores obtained by the
bl students on pretreatment and posttreatment SAT, MIAT, and mathematics
strands is given in Table 13, These correlations are fairly large, but

they are not sufficiently large to identify SAT GP, MSAT GP, and strands
‘'GP as parallel measures, According to Lord and Novick (1968), two dis-
tinct measurements ng and th ‘are parallel if for every subject s

in #he population, ngs = ﬂhs and U(Egs) = U\Ehs), where. n -~ indicates
measurements with the same %rue scores but possibly different error vari-
ances, More intuitively, two measurements are parallel if their expecta-

tions are equivalent and thelr observed score variances are egual. This

is not true of the three GP measures.

Difference Scores

Table 14 displays & matrix of simple correlation coefficients obtained

from number of sessions, pretreatment and po gttreatment MSAT GP, and

pretreatment and post£reatment strands GP for.tﬁe Blé students who partici-
pated in the experiment. Table 14 also includes correlation coefficients
Tor the difference scores, MSAT A GP (posttreatmen® minus pretreatmenﬁ
MSAT GP) and strands & GP (posttreatment minus pretreatment strands

average GP).

A56




- cCo°T

09g” 000°T _

L0g"° H9L° 000°T

95L-° 00g° ¢e8° 000°T ’

76L-° 8aL*” Le2g’ eLLe 000°T

ccl. GQ9° 689° LgL- TOL° 000°T

JUSUL BT JuSULBOIL QUBURBDIY | JUSUYEBDIYL | JUSWIEBDLY | qUSWIBIIL

-asod spurIlg -sad spueilg -9s0d T, vSH -2xd IVSH -1so0d Edm ~aad Tvg

quaunea.I)

-1sod spuralg

qualyBaI)

-aad spuealg

quswWIBDIY

~3s0od LYK

pnmspmmpp
~aad T,yenW

quauyBaI]
-3sod TVg

QUlaUWIBSIY
-2ad " Tyg -

SUOTGBAISSC) SPUBIFS SOTIEWSYIBY PUB ‘TVIW ‘LYY JUSULIBDILISOJ PUB QUIUQBRILRIJ UO

saudpnig ussoy) ATwopury iy £q PAUTBIGQ $SI0DG JH IOJ SIUSTOTIIS0) UOTIBTSII0) oTdWIS JO XTJ2BN -

¢T TI9VYT

ot

.Eg‘

IC

Aruitoxt provided by Eic:



=3 wczmwpm JuswqesayaJd SNUTW JH SPUBLFS uaugeaIzasod ST ‘gD v spueilg ¢ -a00s 80USISIITP SUL
c . IV ausuneagasad snutw JH LYSW jueuwgwagiisoed ST ‘4D v LVEW {51005 20ULJI2IITP OUI--° 930N

200° T L . - | do v spuexis.
. . Pgmapmwpp
T @oo 1 “ : -qsod spueIag
. . . 1. : . 1UoW3 eI
o €98 000" T . . . _ -axd spUBILS
e elo- L60° - 000°T . _ dn v LVSH
e . . L . . JusSwWIBIY
NS 2oL 689 000°T -1sod LVSK
) L _ . . . quUaW}BIIY
THO - TIL ghl - céL 000°T “add IV
96.L° 9Ty° : ¢10” 1 ¢le® GST° A0 GO0°T SUOTSS35
mw 7 " QUSWRBAIY szswmmpp dn v quswqBO1S | jUsSWABIIAL | _ .
= . . SUOTSS3g
spuela -asod spuBiag -3xd spuexlg | LVEHW -asod I.YSW -axd VS

quaurIedxy ayil ut SurgedToraded sS3ULSPNAS ¢ SUy3 J0F dD V SPUBIIS pUB
‘gD SPUBILS JUSNLBAL1950J ‘gD SPUBIYS JUSWIBSIIRII ‘dD V IVEH ‘dD LVSW JUSWIBLIFISOL
‘19 VO 2usuyesllalg ‘suoissag JO H@PEﬁz JOJ SQUSTOTJIF20) UOTIBTLIIO) STAWLS JO XTJI3eR

7T dIdVL

38

O

Aruntoxt provided by Eic

E



The data reported in Tables 1% and 14 allow comparisons of the
hli-student sample with the full sample of 312, The ccrrelation of the
gtrands pret;eatmeﬁt GP and the strands posttreatment GP is .860 in the
hlh-student sample compared with .863% in the 312-student sample. The largesti
difference in correlation waé obtained for the pretreatment MSAT GP with
the posttrestment strands GP--the 4l4-student sample correlation being .71l
compared with .796 for the 312-student sample. As might be expected, the
correlations for the 512-studéﬁt sample are in every case higher than
their counterparts in the h4-student sample. Given these small differ-
ences in correlation coefficients, it seems reasonable to conclude that,
with respect to the measures taken, the 4h-student sample is representa-
tive of the full 312-student population.

The anticipated increase in correlation occurs when difference
scores replace posttreatment scores as the dependent measures in regres-
sions using number of sessions as the indeﬁendent variables. The correla-
tion for sessions and MSAT postireatment GP is only’,l55 compared with a
correlation of .27% for sessions and MSAT A GP. More striking, but also
expected, is the correlation for sessions and strands posttreatment GP
of .416 compared with .796 for sessions and strands & GP.

Means and standard deviations for GP change (posttreatment GP minus
pretreatment GP) obtained,by the five treatment groups are displayed in

Table 15. With the exception of average GP change for group 3, a fairly

steady increase in GP change with increasing number of sessions is evident

in the data. It should be noted that the GP change for group 5 whose
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~TABLE 15
Sample Size, Means, and Standard Dewviations of GP Change (Posttreatment GP -
Minus Pretreatment GP) Measured by Strands Average GP and MSAT

for the Five Treatment Groups

Treatment group
1 2 3. L 5
Sample size : . 60 62 60 | - 60 70
Mean .15 A5 .64 .91 .96
Strands A GP
Standard deviation .01 .03 .03 .05 .05
N Mean A2 | 58 | 48 | .68 | .76
MSAT A GP ‘
. Standard deviation .10 .09 .08 .10 211
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members averaged 75.84 sessions is .96 for strands average GP and .75 for
MSAT GP. Both of these measures undsrestimated GP measured by paper and
pencil administration of the SAT to the Llk-student sample. Using the
smaller measure, the group 5 studente achieved an increase in mathematics
computation GP of .76 during the experimental period of approximately
five months. This improvement is about double the GP gain indicated by

Gentile and DiFrancesca (1969) for hearing-impaired students after a full

school year of traditional classroom instruction.

SUMMARY AND CONCLUSIONS

From the analyses of data given above, we conclude that the mathe-
matics strands CAI curriculum can lead to subétantial increases in mathe-
matice computation GP when used by hearing-impaired'students. The increases
are sufficient to bring the students to GP gains expected of normal-hearing
students. Moreover, these gains can be achieved by students working intensely
for only a few minutes a day inla supplementary drill-and-practice program.
The actual time spent at a computer terminal by each student ranged from
6 to 10 minutes for each session.

in addition, a simple linear model of student achie?ement_gives a
good aécopnt of the positreatment distribution of GP measured either by
the MBAT or by the strands GP. The investigation of other models, includ-
ing models with interdction terms, did not lead to any substantial improve-
ment in accounting for posttreatment GP variance. The results of the
analysis, including the application of the lineaf’model, indicate that .

greatgr numbers of CAI sessions are beneficial for all students, across |

O ‘ : u‘l




all levels of pretreatment achievement,A Further investigation using
demographic and other psychological varisbles would be desirable in pro-
viding a more detailed analysis of the extent to which posttreatment
distribution of GP is primarily affected only by pretreatment distribu-
tion of GP and amount of time at computer terminals.

The inequality-averting properties of the mathematics strands cur-
riculum used as compensatory education for d;sadvantaged hearing students
has already been noted by Suppes and Morningstar (1970b) and by Jamisoﬁ,
Fletzher, Suppes, and Atkinson (1973)., These properties seem to obtain
to about the same degree for the population of hearing-impeired students

used in this study.
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